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ABSTRACT:

Gale, A.S., Kennedy, W.J. and Petrizzo, M.R. 2021. Stratigraphy of the Albian−Cenomanian boundary interval 
in the Agadir Basin, Morocco: ammonites, microcrinoids, planktonic foraminifera. Acta Geologica Polonica, 
71 (4), 453–480. Warszawa.

The uppermost Albian and lowermost Cenomanian succession at Abouda Plage, north of Agadir, in the Agadir 
Basin, western Morocco, is described in detail, and ammonites, microcrinoids and planktonic foraminifera 
are recorded and illustrated. The lower part of the Aït Lamine Formation yields ammonites indicative of the 
Pervinquieria (Subschloenbachia) rostrata and P. (S.) perinflata ammonite zones, and the Thalmanninella 
appenninica planktonic foraminiferan Zone. The base of the Cenomanian is identified at 42.2 m above the base 
of the Aït Lamine Formation, based on the lowest occurrence of the planktonic foraminiferan Thalmanninella 
globotruncanoides Sigal, 1948. Lower Cenomanian ammonites of the Graysonites adkinsi Zone enter 3 m higher 
in the succession. Microcrinoid zones AlR11 and AlR12 are identified in the Upper Albian, and the base of the 
CeR1 Zone coincides with the lowest occurrence of Cenomanian ammonites. The ammonite and microcrinoid 
occurrences and detailed distributions are very similar to those found in north central Texas, which, in the 
Cenomanian, was 5,300 km to the west. The new records suggest that the G. adkinsi Zone is equivalent to the up-
permost (Lower Cenomanian) part of the Pleurohoplites briacensis Zone of the Global Stratotype Section for the 
base of the Cenomanian stage. An hiatus, of global extent, immediately underlies the base of the G. adkinsi Zone 
and is represented in the Agadir Basin by an erosion surface containing bored and encrusted hiatus concretions.

Key words: Albian−Cenomanian boundary; Agadir;  Planktonic foraminifera;  Ammonites.

INTRODUCTION

The boundary between the Albian and Cenoma
nian stages was ratified in 2004, with the GSSP 
taken at the lowest occurrence of the planktonic 
foraminiferan Thalmanninella globotruncanoides 
Sigal, 1948 in the section at Mont Risou, Hautes

Alpes, southeastern France (Kennedy et al. 2004). It 
lies within the Pleurohoplites briacensis ammonite 
Zone, and ammonites of the Mantelliceras mantelli 
Zone appear 6 m higher in the succession. The oc-
currences of planktonic foraminiferans were detailed 
in Petrizzo et al. (2015), who demonstrated that a 
closely similar succession was present in the Blake 
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Nose Plateau drilled by the Ocean Drilling Program 
(ODP) in the northwest Atlantic Ocean.

In North Africa, relatively few studies integrating 
ammonite and planktonic foraminiferal occurrences 
have investigated the Albian−Cenomanian boundary 
interval in any detail. In central Tunisia, at Kalaat 
Senan, Robaszynski et al. (1994, 2008) undertook 
an extensive study of ammonites and planktonic for-
aminifera across the boundary, and demonstrated 
that ammonites of the Mantelliceras mantelli Zone, 
Neostlingoceras carcitanense Subzone appeared 
slightly higher than Thalmanninella globotruncano-
ides, as in the case of the Global Stratotype Section.

In the Agadir Basin of western Morocco, a new road 
cut, widening the N1 arterial road north of Taghazout 
(Textfig. 1) provides excellent exposures of the do-
lomites of the Kerchoula Formation and clays of the 

overlying Aït Lamine Formation. The succession was 
described by Essafraoui et al. (2015) who provided 
a detailed analysis of the sequence stratigraphy and 
planktonic foraminiferal dates for a number of sam-
ples. They concluded that the Albian−Cenomanian 
boundary lies at the contact between the Kerchoula 
and Aït Lamine formations, although they only found 
the basal Cenomanian marker, Thalmanninella glo-
botruncanoides, approximately 80 m above the base 
of the Aït Lamine Formation. Their log of the road 
section shows a 22 m gap of nonexposure 46−68 m 
above the base of the Aït Lamine Formation.

Gale (2020) provided a log of the road section, 
and discovered that the interval representing the gap 
beneath marker H of Essafraoui et al. (2015, their 
fig. 3) was well exposed in Oued Abouda, 500 m 
to the north of the road cut and yielded common 
Lower Cenomanian ammonites from a narrow inter-
val, described in detail here. The lower part of the Aït 
Lamine Formation contains abundant microcrinoids 
of taxa which were previously known only from the 
Albian and Cenomanian of Texas; these provided a 
detailed correlation framework between the two re-
gions (Gale 2020; Gale et al. 2021).

The present paper expands on the study of Gale 
(2020) by describing and illustrating the ammonite 
material, and also provides a detailed analysis of the 
distribution of planktonic foraminiferans through 
the Albian−Cenomanian boundary interval. This 
new data permits a detailed synthesis of the bio-
stratigraphy of the Albian−Cenomanian boundary 
interval, incorporating ammonites, microcrinoids 
and planktonic foraminifera. The integration of the 
stratigraphi cal distribution of these groups permits a 
broader understanding of the boundary interval.

LOCATIONS AND STRATIGRAPHY

The studied section is located in the region adja
cent to Abouda Plage, Taghazout, 20 km north of 
Agadir, Morocco. The locality comprises two parts: 
(1) the road cut on the east side of the N1 road, and 
(2) a valley, which extends northeast from the beach, 
called Oued Abouda (Gale 2020). The road cut in-
cludes a significant gap of 18 m, from 50 to 68 m 
(Textfig. 2), not studied by Essafraoui et al. (2015), 
which is well exposed in the adjacent section of Oued 
Abouda, 500−700 m to the north of the coast road N1 
(Textfig. 1B).

In both the road cut and the valley, the dolomitic 
limestones of the Kerchoula Formation are terminated 
by a bored hardground, overlain by clays of the Aït 

Textfig. 1. A – Map to show position of the Abouda sections. 
B – Image of the coastal strip north of Taghazout, to show position 
of localities. The base of the Aït Lamine Formation in the Abouda 

Plage roadcut is close to the upper arrow.
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Lamine Formation, which contain numerous small, 
lensoid carbonate concretions at some levels. Key 
marker beds are thin but laterally persistent sand-
stones, some displaying hummocky crossstratifica-
tion (Textfig. 2; 20 m, 43−44 m, 70−72 m). The lensoid 
sandstone at 20 m is not present in the road cut section. 
The group of sandstones at 43−44 m (Textfig. 3A) 
includes a thin hardground and bored and encrusted 
hiatus concretions (Gale 2020, textfig. 5; Textfig. 4 
herein). The group of thin sandstones outcropping east 
of Abouda Plage (70 m in Textfigs 2 and 3A; horizon 
H of Essafraoui et al. 2015) forms a scarpcapping unit 
on the south side of Oued Abouda (Textfig. 2B).

The log provided here (Textfig. 2) is a composite 
section from the road cut and the southerly 500 m 
(marked on Textfig. 1B) of Oued Abouda, and shows 
the ammonite occurrences and selected microcrinoi-
dal and foraminiferal data.

PLANKTONIC FORAMINIFERA

A total of 13 samples were analyzed for plank-
tonic foraminifera (Textfig. 2, Table 1). Rock sam-
ples were soaked in a 3% solution of hydrogen per-
oxide and washed under running water over a 38 µm 
sieve, and then dried on a hot plate. Foraminiferal 
preservation is generally moderate in all samples as 
specimens show minor to moderate test fragmenta-
tion and are overgrown with secondary calcite.

Taxonomic concepts for planktonic foraminiferal 
species identification follow their original descrip-
tions and illustrations, Petrizzo and Huber (2006), 
Petrizzo et al. (2015), Falzoni and Petrizzo (2020) 
and the online taxonomic database for Mesozoic 
Planktonic Foraminifera “PF@mikrotax” avail-
able at http://www.mikrotax.org/pforams/index.
html (see Huber et al. 2016). The planispiral genus 

Textfig. 2. Distribution of ammonites, roveacrinids and planktonic foraminifera in the Abouda sections. The thin red line marks the base of the 
Cenomanian as defined by the lowest occurrence of Thalmanninella globotruncanoides Sigal, 1948.



456 ANDREW SCOTT GALE ET AL. 

Globigerinelloides Cushman, 1927, is placed in 
quotes in the text and figures because it is polyphy-
letic and currently under taxonomic revision (see 
discussion in Petrizzo et al. 2017). Biozonation is 
according to Robaszynski and Caron (1995).

The planktonic foraminiferal assemblages are 
characterized by the low abundance of large and sin-

gle keeled taxa that only occur in a few samples, and 
by the common presence of unkeeled trochospiral 
species. The most important species are illustrated in 
Textfigs 5 and 6. Thalmanninella globotruncanoi-
des, primary marker for the base of the Cenomanian 
Stage (Kennedy et al. 2004) first occurs in sample 
TA1 (Table 1; Textfig. 2). Thalmanninella brotzeni 

Textfig. 3. A – The position of the Albian−Cenomanian boundary in the Abouda Plage roadcut on the N1, based on the lowest occurrence 
of Thalmanninella globotruncanoides Sigal, 1948 in sample TA1, at 42.2 m in Textfig. 4. The sandstone bed is 0.5 m in thickness. B – Aït 
Lamine Formation in the Oued Abouda section, 500 m north of B. The triple sandstone bed at 70 m is horizon H of Essafraoui et al. (2015) 

and is 2 m in thickness.
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Textfig. 4. A – The succession exposed in Oued Abouda, between 45 and 55 m (Textfig. 2). Lower Cenomanian ammonites of the Graysonites 
adkinsi Zone occur between 45.2 and 47.2 m. B – enlargement of white patch adjacent to 45 m in A, to show hiatus concretions with bivalve 

borings (Gastrochaenolites isp.) immediately underlying the lowest occurrence of the Graysonites adkinsi Zone fauna.
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Sigal, 1948, is more abundant than Thalmanninella 
globotruncanoides whereas other singlekeeled taxa 
such as Pseudothalmanninella ticinesis (Gandolfi, 
1942), Thalmanninella appenninica (Renz, 1936) and 
Thalmanninella balernaensis (Gandolfi, 1957) are 
rare. The assemblages are characterized by the consis-
tent and common occurrence of Praeglobotruncana 
delrioensis (Plummer, 1931), Praeglobotruncana 
stephani (Gandolfi, 1942), Muricohedbergella plani-
spira (Tappan, 1940), ‘Globigerinelloides’ bentonen-
sis (Morrow, 1934), ‘Globigerinelloides’ ultramicrus 
(Subbotina, 1949), Pseudoclavihedbergella simplicis-
sima (Magné and Sigal, 1954) and Muricohedbergella 
praelibyca (Petrizzo and Huber, 2006). Species of 
Ticinella Reichel, 1950 are generally frequent in 
the lower part of the interval studied, but become 
rare in the upper part. Specimens corresponding 
to the neotypes of Muricohedbergella delrioensis 
(Carsey, 1926) designated by Longoria (1974) and 
Masters (1976) are both recognized in the assem-

blages (see discussion in Petrizzo and Huber 2006) 
and are frequent to common in all of the samples 
studied. In the largesized fractions (> 250 µm) spec-
imens assigned to Favusella sp. are frequent in some 
samples. The smallsized fractions (38−125 µm) 
are dominated by common Protoheterohelix sp., 
Microhedbergella praeplanispira Huber and Leckie, 
2011, and Guembelitria cenomana (Keller, 1935). 
Benthic foraminifera Textularia sp., Nodosaria sp., 
Spiroplectammina sp. and Lenticulina sp. are fre-
quent in the large sizedfractions. Bulimina sp. is 
abundant in the smallsized fractions. Ostracods and 
fragments of bivalves are frequent in all samples.

The lowest occurrence of T. globotrunca-
noides, 42.2 m above the base of the Aït Lamine 
Formation, defines the base of the lower Cenomanian 
Thalmanninella globotruncanoides Zone and the 
upper limit of the underlying upper Albian T. ap-
penninica Zone (Robaszynski and Caron 1995). The 
composition of the assemblages in the T. appenninica 
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Q7 68.7 × × × × × × × × × × × × × × × ×

Q6 64.6 × × × × × × × × × × × × × ×

Q5 61.2 × × × × × × × × × × × × ×

Q4 57.9 × × × × × × × × × × × × × ×

Q3 53.5 × × × × × × × × × × × × × × × ×

Q2 50.1 × × × × × × × × × × × × × × × × × × ×

Q1 47.8 × × × × × × × × × × × × × × × × × × × × ×

ABY 45.3 × × × × × × × × × × × × × × × × × ×

TA1 42.8 × × × × × × × × × × × × × × × × × × × × × ×

TA23 39.3 × × × × × × × × × × × × × × ×

AB6 36.7 × × × × × × × × × × × × × × × × × × ×

AB5 33.4 × × × × × × × × × × × × × × × × × × × × × × × ×

TA22 30 × × × × × × × × × × × × × × × × × ×

Table 1. Stratigraphic distribution of the planktonic foraminifera and of other components of the assemblages.
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Textfig. 5. Planktonic foraminifera from Abouda sections, Agadir Basin, Morocco. A – Muricohedbergella delrioensis (Carsey, 1926) sensu 
Longoria, sample Q7. B − Thalmanninella brotzeni Sigal, 1948, sample Q5. C – Muricohedbergella delrioensis (Carsey, 1926) sensu Masters, 
sample Q7. D – Ticinella raynaudi Sigal, 1966, sample Q5. E – Muricohedbergella planispira (Tappan, 1940), sample Q4. F – Favusella sp., 
sample Q4. G – Pessagnoina simplex (Morrow, 1934), sample Q3. H – ‘Globigerinelloides’ ultramicrus (Subbotina, 1949), sample Q4. I – 
Protoheterohelix sp., sample TA22. J – Schackoina bicornis Reichel, 1948, sample Q3. K – Pseudoclavihedbergella simplicissima (Magné and 

Sigal, 1954), sample Q3. 1 – umbilical view; 2 – side view; 3 – spiral view.
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Textfig. 6. Planktonic foraminifera from the Abouda sections, Agadir Basin, Morocco. A – Praeglobotruncana delrioensis (Plummer, 1931), 
sample Q2. B, D – Praeglobotruncana stephani (Gandolfi, 1942); B – sample Q1; D – sample ABY. C – Muricohedbergella praelibyca 
(Petrizzo and Huber, 2006), sample Q1. E – Muricohedbergella angolae (Caron, 1978), sample ABY. F, H – Thalmanninella globotruncanoi-
des Sigal, 1948; F – sample ABY; H – sample TA1. G – Pseudothalmanninella ticinensis (Gandolfi, 1942), sample TA. I – ‘Globigerinelloides’ 
bentonensis (Morrow, 1934), sample AB6. J – Muricohedbergella blakensis (Petrizzo and Huber, 2006), sample AB6. 1 – umbilical view; 

2 – side view; 3 – spiral view.
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Zone indicates the latest Albian based on the absence 
of Planomalina buxtorfi (Gandolfi, 1942), which is 
generally documented as disappearing slightly below 
the top of the zone (Robaszynski and Caron 1995; 
Coccioni and Premoli Silva 2015), and on the lowest 
occurrence of Thalmanninella brotzeni that appears 
in the topmost interval of the zone preceding the 
lowest occurrence of T. globotruncanoides (see re-
view in Petrizzo et al. 2015). The stratigraphic record 
across the Albian−Cenomanian boundary is also 
documented by the disappearance of Ticinella spp. 
(Textfig. 2, Table 1) in the lowermost Cenomanian, 
which is, however, likely to be diachronous as it is 
reported to fall either in the T. appenninica Zone 
(e.g., Leckie 1984; Caron 1985; Premoli Silva and 
Sliter 1995; Petrizzo and Huber 2006) or in the T. 
globotruncanoides Zone (Petrizzo and Gilardoni 
2020). Also remarkable is the occurrence across the 
Albian−Cenomanian boundary interval of the genus 
Favusella Michael, 1973, which confirms deposition 
in shallowwater environments (e.g., Koutsoukos 
et al. 1989) as reported from stratigraphic sections 
located in different palaeogeographic areas (South 
Texas: Denne et al. 2014; Israel: LipsonBenitah et al. 
1997; Iran: Ghabeishavi et al. 2010; Japan: Kawabe 
et al. 2003).

MICROCRINOIDS

Microcrinoids are abundant in residues of the 
0.5−1.0 mm fraction of the Aït Lamine Formation, and 
were described and illustrated by Gale (2020); only a 
summary of this work is provided here with details of 
stratigraphically important species (Textfig. 2). The 
lowest samples, samples AB9−AB11) yield a fauna 
of the AlR11 zone, characterized by Poecilocrinus 
dispandus Peck, 1943 and Euglyphocrinus crista-
galli Gale, 2020. The overlying interval (AB1−TA1) 
yields common Poecilocrinus molestus Peck, 1943, 
and infrequent examples of Euglyphocrinus worth-
ensis Gale, 2020 and Roveacrinus solisoccasum 
Gale, 2020. Together, these taxa are characteristic 
of the microcrinoid zone AlR12 (Gale 2020; Gale et 
al. 2021). Poecilocrinus signatus (Peck, 1943) and 
Euglyphocrinus euglypheus (Peck, 1943; Textfig. 7J), 
characteristic of the zone CeR 1, appear in sample 
ABY, and E. euglypheus continues up to sample Q5. 
Roveacrinus spinosus Peck, 1943 appears in sample 
Q6, and marks the base of the zone CeR 2. The micro-
crinoid distribution is very similar to that found in the 
Main Street Limestone and lower Grayson Formation 
of north central Texas (Gale 2020; Gale et al. 2021).

AMMONITES

The upper Upper Albian and Lower Cenomanian 
zonal schemes discussed below are set out in Table 2.

The 15−19.5 m level in the Aït Lamine Formation 
(Textfig. 2) yielded several specimens of the Upper 
Albian zonal index Pervinquieria (Subschloenbachia) 
rostrata (J. Sowerby, 1817) and a single fragment of a 
specifically indeterminate Anisoceras. The index spe-
cies was originally described from southern England 
(see Kennedy et al. 1998, 2005), but is of cosmopol-
itan distribution, with records from France, Spain, 
Germany, Hungary, Ukraine (Crimea), Turkmenistan, 
Iran, Texas, Angola, and Tamil Nadu in south India 
in addition to Morocco. The index of the succeeding 
Pervinquieria (Subschloenbachia) perinflata Zone 
appears only 50 cm higher, at the 20 m level, and 
what are interpreted as elements of the zonal fauna ex-
tend to the 33 m level: Desmoceras (D.) latidorsatum 
(Michelin, 1838), Mariella (M.) ber geri (Brongniart, 
1822), Ostlingoceras (O.) puzosianum (d’Orbigny, 
1842), and Stoliczkaia (S.) clavi gera Neumayr, 1875. 
The last named of these occurs at the 33 m level, and is 
regarded as upper Upper Albian perinflata Zone on the 
basis of records at this level in northeastern Algeria 
and central Tunisia (Kennedy 2020, p. 183, pl. 14, figs 
10–15; pl. 17, fig. 26; textfigs 10e, 17c), although it 
extends into the Lower Cenomanian in Tamil Nadu, 
south India (Gale et al. 2019, p. 217, figs 10, 11, 13, 14). 
The perinflata Zone is widely recognized, the index 
species also known from southern England, France, 

A
Substage Zone
Lower  

Cenomanian
(part)

Mantelliceras mantelli
Pleurohoplites briacensis  (part)

Upper Albian
(part)

Pleurohoplites briacensis  (part)
Pervinquieria (Subschloenbachia) perinflata
Pervinquieria (Subschloenbachia) rostrata

B
Substage Zone
Lower  

Cenomanian
(part)

Budaiceras hyatti
Graysonites wacoensis

Graysonites adkinsi

Upper Albian
(part)

Mariella (Wintonia) brazoensis
Pervinquieria (Subschloenbachia) perinflata
Pervinquieria (Subschloenbachia) rostrata

Table 2. Upper Upper Albian and Lower Cenomanian ammonite 
zonal sequences discussed in the text. A – The standard zonation 
of Kennedy and Gale (2017). The Mantelliceras mantelli Zone is 
divided into successive subzones of Neostlingoceras carcitanense, 
Sharpeicers schlueteri and Mantelliceras saxbii. B – The sequence 

in northeast Texas, after Kennedy et al. (2015).
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Textfig. 7. Microcrinoids from the Abouda sections, Agadir Basin, Morocco. A–C – Poecilocrinus dispandus Peck, 1943. Lateral aspect of 3 
cups, NHMUK PI EE 17561−17563; originals of Gale (2020, pl. 21, figs 4−6); sample TA21, Upper Albian. D–F – Poecilocrinus molestus Peck, 
1943. Cups in aboral (D) and lateral (E, F) views, NHMUK PI EE 17567−17569; originals of Gale (2020, pl. 22, figs 4−6). D, F – sample ABX; 
E – sample TA22. G–I – Poecilocrinus signatus (Peck, 1943), NHMUK PI EE 17570, 17571; originals of Gale (2020, pl. 22, figs 10−12); sample 
Q2, Lower Cenomanian. J – Euglyphocrinus euglypheus (Peck, 1943), cup in aboral view, NHMUK PI EE 17431; original of Gale (2020, pl. 
8, fig. 12); sample Q2, Lower Cenomanian. K, L – Euglyphocrinus cristagalli Gale, 2020, cups in lateral view, NHMUK PI EE 17389, 17391; 
originals of Gale (2020, pl. 14, figs 5, 13). K – sample AB9, L – sample AB10, Upper Albian. Scale bars: 0.5 mm for A−I and 0.2 mm for J−L.
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Sardinia, Switzerland, Hungary, Romania, Ukraine 
(Crimea), Iran, Angola, KwaZuluNatal in South 
Africa, Texas, and Tamil Nadu in south India. Above, 
there is an interval between the 33 m level and the 45.2 
m level, where the first undoubted Lower Cenomanian 
ammonites appear, that cannot be dated in ammonite 
terms. The Lower Cenomanian ammonites that occur 
between the 45.2 and 47.4 m level include Graysonites 
adkinsi Young, 1958, a species adopted as index of the 
lowest undoubted Cenomanian ammonite zone rec-
ognized in Texas (see discussion in Kennedy et al. 
2005). The associated fauna is Puzosia (Bhimaites) 
bhima (Stoliczka, 1865), Pachydesmoceras marocca-
num Collignon, 1967, Anisoceras perarmatum Pictet 
and Campiche, 1861, and Mariella (M.) oehlerti sul-
cata Klinger and Kennedy, 1978. Of these, Anisoceras 
perarmatum has an Upper Albian, perinflata Zone 
acme (see for example Kennedy and Latil 2007), 
whereas M. (M.) oehlerti sulcata, previously known 
only from northernmost KwaZuluNatal in South 
Africa, occurs there with typical Lower Cenomanian 
Mantelliceratinae. Recognition of the Graysonites ad-
kinsi Zone only 3 m above the first occurrence of 
Thalmanninella globotruncanoides, which defines the 
base of the Cenomanian stage, in a section where low-
est Cenomanian ammonites extend through at least 
266 m suggests that the adkinsi Zone is equivalent to 
the upper, Cenomanian part of the briacensis Zone 
(Table 2) of the Global Stratotype Section. This sug-
gestion is developed further below.

SYSTEMATIC PALAEONTOLOGY: 
AMMONITES (W.J. Kennedy)

Conventions:
GSI: Geological Survey of India, Kolkata.
MNHN: Muséum national d’ Histoire Naturelle, 
Paris.
OUMNH: Oxford University Museum of Natural 
History.

The suture terminology is that of Korn et al. 
(2003): E = external lobe; A = adventive lobe; U = 
umbilical lobe; I = internal lobe.

Order Ammonoidea Zittel, 1884
Superfamily Desmoceratoidea Zittel, 1895

Family Desmoceratidae Zittel, 1895
Subfamily Puzosiinae Spath, 1922

Genus and Subgenus Puzosia Bayle, 1878

TYPE SPECIES: Ammonites planulatus J. de C. 

Sowerby, 1827 (p. 134, pl. 570, fig. 5), non Schlotheim, 
1820 (p. 59) = Ammonites mayorianus d’Orbigny, 
1841, p. 267, pl. 79, figs 1–3, by the subsequent desig-
nation of H. Douvillé (1879, p. 91).

Subgenus Puzosia (Bhimaites) Matsumoto, 1954

TYPE SPECIES: Ammonites bhima Stoliczka, 1865, 
p. 137, pl. 69, fig. 2, by the original designation of 
Matsumoto (1954, p. 113).

Puzosia (Bhimaites) bhima (Stoliczka, 1865)
(Textfig. 8)

1865. Ammonites bhima Stoliczka, p. 137, pl. 69, figs 2, 3, 
?non 1.

1898. Puzosia bhima Stol.; Kossmat, p. 184 (119).

Textfig. 8. Puzosia (Bhimaites) bhima (Stoliczka, 1865). OUMNH 
KX.17294, from the Aït Lamine Formation, Oued Abouda, at the 
47.2 m level, Lower Cenomanian, Graysonites adkinsi Zone. Scale 

bar 10 mm.
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2011. Puzosia (Bhimaites) bhima (Stoliczka, 1865); Klein 
and Vašíček, pp. 94, 95 (with synonymy).

2014. Bhimaites bhima (Stoliczka, 1865); Kennedy and 
Klinger, p. 9, textfig. 10.

2019. Puzosia (Bhimaites) bhima (Stoliczka, 1865); Kenne-
dy in Gale et al., p. 203, pl. 10, figs 8, 9; pl. 12, figs 
14, 15; textfig. 16e.

TYPES: The lectotype, by the subsequent designa-
tion of Matsumoto (1988, p. 20) is the original of 
Stoliczka (1865, pl. 69, fig. 2), GSI. 272 in the col-
lections of the Geological Survey of India, from the 
Upper Albian of Moraviatoor.

MATERIAL: OUMNH KX.17294, from the Aït 
Lamine Formation, Oued Abouda, at the 47.2 m level, 
Lower Cenomanian, Graysonites adkinsi Zone.

REMARKS: The specimen is a 60º sector of phrag-
mocone and a 120º sector of adult body chamber 
with a maximum preserved diameter of 160 mm, 
and a maximum preserved whorl height of 78 mm. 
Coiling is moderately involute, the umbilicus com-
prising around 20–25% of the diameter, shallow, 
with a feebly convex outwardinclined umbilical 
wall and broadly rounded umbilical shoulder. The 
whorl section is compressed, with a whorl breadth 
to height ratio of 0.8 approximately on the unde-
formed sector of the phragmocone, the greatest 
breadth below midflank, the flanks feebly convex, 
converging to a convex venter. There are wellde-
veloped constrictions. They are feebly prorsiradiate, 
straight on the inner flank, flexing forwards and 
feebly convex on the outer flank, and crossing the 
venter in a linguoid peak. The adapertural side of 
the constrictions on the body chamber are flanked 
by a collarrib strengthening markedly on the ven-
ter. They are widely separated, but it is not possible 
to determine their frequency because of poor pres-
ervation. The corroded suture is deeply and intri-
cately incised. For discussion see Kennedy in Gale 
et al. (2019, p. 203).

OCCURRENCE: Upper Albian of northern Kwa
Zulu Natal, South Africa, Lower Cenomanian of 
Morocco, Middle Cenomanian of Tamil Nadu, south 
India.

Genus Pachydesmoceras Spath, 1922

TYPE SPECIES: Ammonites denisonianus Stoliczka, 
1865, p. 133, pl. 65, fig. 4; pl. 66, figs 1, 2; pl. 66a, by 
the original designation of Spath (1922, p. 127).

Pachydesmoceras maroccanum Collignon, 1967
(Textfig. 9)

1967. Pachydesmoceras maroccanum Collignon, p. 26, pl. 
12, fig. 4.

2020. Pachydesmoceras maroccanum Collignon, 1967; 
Kennedy, p. 168, pl. 1, figs 4, 8.

TYPE: The holotype, by monotypy, is the original of 
Collignon (1967, pl. 12, fig. 4), from the Cenomanian 
of the Tarfaya Basin, Morocco.

MATERIAL: OUMNH KX.17301–3 from the Aït 
Lamine Formation, Oued Abouda, at the 45.4 m 
level, Lower Cenomanian, Graysonites adkinsi Zone.

REMARKS: The material consists of large phragmo-
cone fragments with whorl heights of up to 88 mm, 
the whorl section compressed, with a whorl breadth to 
height ratio of 0.9, the maximum breadth just outside 
the umbilical shoulder. The flanks are convex, the 
outer flanks converging to a broadly rounded venter. 
Ornament is of crowded narrow primary ribs that 
are feebly concave on the inner flanks, straight and 
feebly prorsiradiate on the outer flanks, and passing 
nearstraight across the venter. They are separated by 
weaker primary and both long and short intercalated 
ribs that are variable in number.

The Upper Albian Pachydesmoceras hottingeri 
Collignon, 1967 (Collignon 1967, p. 14, pl. 2, figs 1, 2) 
from the Tarfaya Basin, has sinuous ribs that branch 
on the ventrolateral shoulder.

OCCURRENCE: Lower Cenomanian of Morocco, 
and Upper Cenomanian of Central Tunisia.

Subfamily Desmoceratinae Zittel, 1895
Genus and Subgenus Desmoceras Zittel, 1884

TYPE SPECIES: Ammonites latidorsatus Michelin, 
1838, by the subsequent designation of Böhm (1895, 
p. 364).

Desmoceras (Desmoceras) latidorsatum  
(Michelin, 1838)

(Textfig. 10)

1838. Ammonites latidorsatus Michelin, p. 101, pl. 12, fig. 9.
2011. Desmoceras (Desmoceras) latidorsatum (Michelin, 

1838); Klein and Vašíček, pp. 141, 144 (with full 
syno nymy).

2019. Desmoceras (Desmoceras) latidorsatum (Michelin, 
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Textfig. 9. Pachydesmoceras maroccanum Collignon, 1967. A, B – OUMNH KX.17302; C – OUMNH KX.17303, both from the Aït Lamine 
Formation, Oued Abouda, at the 45.4 m level, Lower Cenomanian, Graysonites adkinsi Zone. Scale bar 10 mm.
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1838); Kennedy in Gale et al., p. 206, pl. 4, figs 19–
25; pl. 11, figs 7–14.

2020. Desmoceras (Desmoceras) latidorsatum (Michelin, 
1838); Kennedy, p. 168, pl. 7, figs 16–18; pl. 8, figs 
14–19 (with additional synonymy).

TYPE: The neotype (Joly in Gauthier 2006, p. 97, 
pl. 3, fig. 1) is MNHN. F. B46095, ex d’Orbigny 
Collection 5773B1, from the condensed Albian of 
Escragnolles, Var, France.

MATERIAL: OUMNH KX.17289, from the Aït 
Lamine Formation, Oued Abouda, at the 20 m level, 
Upper Albian, Pervinquieria (Subschloenbachia) 
perin flata Zone.

REMARKS: The specimen is a short fragment from 
the adapertural end of the phragmocone of an adult 
with a maximum preserved whorl height of 76 mm 
approximately, and a whorl breadth to height ratio of 
1.14. The whorl section is compressed, with feebly 
convex converging flanks, broadly rounded ventro-
lateral shoulders and a convex venter. There is no 
ornament. The deeply incised sutures interfere; the 

saddles are bifid. The specimen differs in no signif-
icant respects from the large individuals from Tamil 
Nadu in south India (Stoliczka 1865, pl. 74, fig. 3; 
Kennedy and Klinger 2013b, textfig. 5), although not 
preserving any constrictions.

OCCURRENCE: Middle Albian to Upper Cenoma
nian, southern England, southern France, Italy, nor
thern Spain, southern Germany, Switzerland, Hun
gary, Romania, Serbia, Poland, Sardinia, Ukraine, 
Morocco, northern Algeria, Central Tunisia, Egypt, 
Nigeria, Angola, KwaZuluNatal in South Africa, 
Mozambique, Madagascar, Tamil Nadu in south India, 
Pakistan, Japan New Zealand, Mexico and Venezuela.

Superfamily Acanthoceratoidea de Grossouvre, 1894
Family Brancoceratidae Spath, 1934

Subfamily Mortoniceratinae H. Douvillé, 1912
Genus Pervinquieria Böhm, 1910

TYPE SPECIES: Ammonites inflatus J. Sowerby, 
1817, p. 170, pl. 178, by the original designation of 
Böhm (1910, p. 152).

Textfig. 10. Desmoceras (Desmoceras) latidorsatum (Michelin, 1838); OUMNH KX.17289, from the Aït Lamine Formation, Oued Abouda, 
at the 20 m level, Upper Albian, Pervinquieria (Subschloenbachia) perinflata Zone. Scale bar 10 mm.



 ALBIAN–CENOMANIAN BOUNDARY INTERVAL IN MOROCCO 467

Subgenus Subschloenbachia Spath, 1921 
(=Durnovarites Spath, 1932, p. 380)

TYPE SPECIES: Ammonites rostratus J. Sowerby, 
1817, p. 163, pl. 173, by the original designation of 
Spath (1921, p. 284).

Pervinquieria (Subschloenbachia) rostrata  
(J. Sowerby, 1817)

(Textfig. 11A–D)

1817. Ammonites rostratus J. Sowerby, p. 163, pl. 173.
2018. Mortoniceras (Mortoniceras) rostratum (J. Sowerby, 

1817); Klein, pp. 101, 122 (with additional syno
nymy).

2019. Pervinquieria (Subschloenbachia) rostrata (J. Sow-
erby, 1817); Kennedy in Gale et al., p. 214, pl. 13; pl. 
14, figs 1, 2 (with additional synonymy).

2020. Pervinquieria (Subschloenbachia) rostrata (J. Sow-
erby, 1817); Kennedy in Gale and Kennedy, p. 65, pl. 
18, figs 1–4; textfigs 44−46.

TYPE: The holotype, by monotypy, is OUMNH 
K.835, the original of Ammonites rostratus J. Sowerby, 
1817, p. 163, pl. 173, from the Upper Greensand of 
Roke, 1.5 km NNE of Benson, Oxfordshire.

MATERIAL: OUMNH KX.17287 from the Aït 
Lamine Formation, Oued Abouda, at the 15 m level; 
OUMNH KX.17288, from the 19.5 m level, Upper 
Albian, Pervinquieria (Subschloenbachia) rostrata 
Zone.

REMARKS: OUMNH KX.17287 (Textfig. 11A, 
B) is a 120º whorl sector from the adapertural end 
of an adult phragmocone and adapical end of the 
body chamber; the maximum preserved whorl height 
is 41.5 mm. The intercostal whorl section is com-
pressed, the whorl breadth to height ratio 0.68, the 
greatest breadth below midflank, the feebly con-
vex umbilical wall outwardinclined, the umbilical 
shoulder broadly rounded, the flanks subparallel, the 
ventrolateral shoulders broadly rounded, the venter 
feebly convex, with a strong siphonal keel. There are 
seven ribs on the fragment. All arise from wellde-
veloped umbilical bullae; most are single, but one 
bulla towards the adapical end of the fragment gives 
rise to a pair of ribs. The ribs are broad, straight 
and prorsiradiate, and bear a feeble outer lateral 
bulla, strong, conical inner ventrolateral tubercle 
and a smaller outer ventrolateral clavus, separated 
by a smooth zone from the siphonal keel. OUMNH 
KX.17288 (Textfig. 11C, D) is a larger body cham-

ber fragment with a maximum preserved intercos-
tal whorl height of 42 mm. The ribs are strong and 
widely separated, with welldeveloped umbilical and 
outer lateral bullae, and a strong oblique ventrolateral 
bulla. The suture is moderately incised, with bifid 
lobes and saddles.

The fragments differ in no significant respects 
from comparable ontogenetic stages of the somewhat 
crushed holotype (Kennedy et al. 1998, textfigs 
10–12) and betterpreserved specimens assigned to 
the species from the Weno Limestone of northeast 
Texas (Kennedy et al. 1998, textfigs 13–18; Kennedy 
in Gale and Kennedy 2020, pl. 19, figs 1–4; textfigs 
44–46).

OCCURRENCE: Upper Albian Pervinquieria (Sub-
schloenbachia) rostrata Zone and correlatives, south-
ern England, France, Germany, Spain, Switzerland, 
Hun gary, Ukraine (Crimea), Morocco, Iran, Texas 
in the United States, Angola, and Tamil Nadu, south 
India.

Textfig. 11. Pervinquieria (Subschloenbachia) rostrata (J. 
Sowerby, 1817). A, B – OUMNH KX.17287 from the 15 m 
level; C, D – OUMNH KX.17288, from the 19.5 m level, Aït 
Lamine Formation, Oued Abouda, Upper Albian, Pervinquieria 

(Subschloenbachia) rostrata Zone. Scale bar 10 mm.
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Pervinquieria (Subschloenbachia) perinflata  
(Spath, 1922)

(Textfig. 12A–D)

1860. Ammonites inflatus Pictet and Campiche (non J. Sow-
erby), p. 178, pl. 21, fig. 5; pl. 22, fig. 3.

1922. Inflaticeras (Subschloenbachia) perinflata Spath, p. 
113.

2018. Mortoniceras (Durnovarites) perinflatum (Spath, 
1921); Klein, pp. 137, 140 (with synonymy).

2018. Mortoniceras (Durnovarites) subquadratum sub-
quadratum Spath, 1933; Klein, pp. 138, 144 (with 
synonymy).

2018. Mortoniceras (Durnovarites) subquadratum crassi-
costatum Spath, 1933; Klein, pp. 138, 143 (with syn-
onymy).

2018. Mortoniceras (Durnovarites) subquadratum tumidum 
Spath, 1933; Klein, pp. 138, 145 (with synonymy).

TYPE: The holotype, by monotypy, is the original of 
Pictet and Campiche (1860, pl. 22, fig. 3), in the col-
lections of the Muséum d’ Histoire Naturelle, Geneva, 
and from the Upper Albian of La Vraconne, Saint 
Croix, Switzerland. It was refigured by Renz (1968, pl. 
9, fig. 1) and Wiedmann and Dieni (1968, pl. 14, fig. 4).

MATERIAL: OUMNH KX.17290, from the Aït 
Lamine Formation, Oued Abouda, at the 20 m level; 
OUMNH KX.17293, collected loose at the same 
level, Upper Albian, perinflata Zone.

REMARKS: OUMNH KX.17293 (Textfig. 12C, D) 
is a 60º phragmocone fragment with a maximum 
preserved whorl height of 28 mm, the whorl section is 
slightly depressed, with a feebly convex, outwardin-
clined umbilical wall and broadly rounded umbilical 
shoulder. The flanks are flattened and subparallel, 
the ventrolateral shoulders broadly rounded, the 
venter flattened, with a strong siphonal keel. Four 
welldeveloped umbilical bullae give rise to single 
ribs or pairs of straight prorsiradiate ribs with lateral 
bullae, a conical inner ventrolateral tubercle from 
which a welldeveloped rib sweeps forwards to a 
poorly preserved outer ventrolateral tubercle, beyond 
which the rib declines and effaces before reaching 
the siphonal keel. This fragment corresponds to the 
adapical sector of the outer whorl of the topotype of 
perinflata figured by Renz (1968, pl. 9, fig. 2).

OUMNH KX.17290 (Textfig. 12A, B) is a much 
larger, battered phragmocone with a maximum pre-
served diameter of 115 mm. Ribs arise in pairs from 
umbilical bullae at the adapical end of the fragment, 
but most ribs are single, with welldeveloped umbili-
cal bullae, weaker lateral bullae, strong conical inner 
ventrolateral and clavate outer ventrolateral tuber-
cles. The ornament is coarser than in the holotype 
(Renz 1968, pl. 9, fig. 1), matching that of the robustly 
ornamented topotypes figured by Renz (1968, pl. 8, 
fig. 1), and corresponding to the robustly ornamented 
individuals from the Bakony Mountains of Hungary 
figured by Scholz (1979, pl. 28).

Textfig. 12. Pervinquieria (Subschloenbachia) perinflata (Spath, 1922). A, B – OUMNH KX.17290, from the 20 m level; C, D – OUMNH KX. 
17293, collected loose at the same level, Aït Lamine Formation, Oued Abouda, Upper Albian, Pervinquieria (Subschloenbachia) perinflata Zone. 

Scale bar 10 mm.
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OCCURRENCE: Upper Upper (but not uppermost) 
Albian, Pervinquieria (Subschloenbachia) perinflata 
Zone with a geographic range from southern England 
to southeastern France, Sardinia, Switzerland, Hun
gary, Romania, Ukraine (Crimea), the lesser Caucasus, 
Morocco, Iran, Angola, KwaZuluNatal in South 
Africa, Texas in the United States, and Tamil Nadu in 
south India.

Family Lyelliceratidae Spath, 1921
Subfamily Stoliczkaiinae Breistroffer, 1953

Genus and subgenus Stoliczkaia Neumayr, 1875

TYPE SPECIES: Ammonites dispar d’Orbigny, 1841, 
p. 142, pl. 45, figs 1, 2, by the subsequent designation 
of Diener (1925, p. 179).

Stoliczkaia (Stoliczkaia) clavigera Neumayr, 1875
(Textfig. 13F, G)

1864. Ammonites dispar Stoliczka, p. 85 (pars), pl. 45, fig. 1 
only.

1875. Stoliczkaia clavigera Neumayr, p. 933.
2018. Stoliczkaiella (Stoliczkaiella) clavigera Neumayr, 

1875); Klein, pp. 222, 223 (with syno nymy).
2019.  Stoliczkaia (Stoliczkaia) clavigera (Neumayr, 1875); 

Kennedy in Gale et al., p. 217, pl. 17, figs 10–14 (with 
synonymy).

2020.  Stoliczkaia (Stoliczkaia) clavigera (Neumayr, 1875); 
Kennedy, p. 183, pl. 14, figs 10–15; pl. 17, fig. 26; 
textfigs 10E, 17C.

TYPE: The holotype, by monotypy, is the original of 
Stoliczka (1864, pl. 45, fig. 1 only), GSI. 191, from the 
Utatur Group of Moraviatoor. A cast of this specimen 
was figured by Delanoy and Latil (1988, pl. 5, fig. 1).

MATERIAL: OUMNH KX.17297 from the Aït 
Lamine Formation, Oued Abouda, at the 33 m level, 
Upper Albian, perinflata Zone.

REMARKS: The specimen is a 120º sector of phrag-
mocone with a maximum preserved whorl height of 
24 mm, the whorl breadth to height ratio of 0.7, the 
greatest breadth below midflank. The flanks are 
very feebly convex, subparallel, the outer flanks con-
verging to broadly rounded ventrolateral shoulders, 
the broad venter feebly convex. Primary ribs arise at 
the umbilical seam, and some strengthen into very 
feeble umbilical bullae. The ribs are nearstraight and 
feebly prorsiradiate on the flanks, bifurcating both 
low and high on the flanks, whilst additional ribs 

intercalate, then passing straight across the venter 
without developing ventral tubercles. The specimen 
compares well with material from south India and 
Central Tunisia assigned to the species (Kennedy in 
Gale et al. 2019, pl. 17, fig. 12; Kennedy 2020, pl. 14, 
figs 10–15).

OCCURRENCE: Upper Upper Albian Pervinquieria 
(Subschloenbachia) rostrata Zone to lower Lower 
Ceno manian Mantelliceras mantelli Zone, with re-
cords from southern England, southeast France, nor
thern Spain, Switzerland, Hungary, Romania, Turk
menistan, Morocco, northeastern Algeria, Cen tral 
Tunisia, Japan, Texas, Cuba, Tamil Nadu in south 
India, and northern KwaZuluNatal in South Africa.

Subgenus Lamnayella Wright and Kennedy, 1978

TYPE SPECIES: Stoliczkaia (Lamnayella) juigneti 
Wright and Kennedy, 1978, p. 398, pl. 37, figs 1–10; 
pl. 38, figs 1–12, by the original designation of Wright 
and Kennedy (1978, p. 394).

Stoliczkaia (Lamnayella) sp.

MATERIAL: OUMNH KX.17295, from the Aït 
Lamine Formation, Oued Abouda, at the 20–30 m 
level, Upper Albian, Pervinquieria (Sub schloen-
bachia) perinflata Zone.

DESCRIPTION: The specimen is a worn 60º sector 
of phragmocone with an estimated maximum pre-
served whorl height of 27 mm approximately. The 
whorl section is compressed, with very feebly convex 
flanks, broadly rounded ventrolateral shoulders, and 
a feebly convex venter. The worn ornament consists 
of very coarse ribs that arise either singly or in pairs 
from the umbilical shoulder, strengthen across the 
flanks and are very coarse and transverse on the 
venter.

Poor as the fragment is, but given the age, it is 
clearly a Stoliczkaia (Lamnayella), agreeing well 
with the Upper Albian Stoliczkaia (Lamnayella) cro-
taloides (Stoliczka, 1864) (see revision in Kennedy 
and Klinger 2013a, p. 7, textfigs 7q, r; 8d, e; 14a–c, 
g–j; 15 f, g; Kennedy in Gale et al. 2019, p. 218, pl. 17, 
figs 1–7, 15; textfig. 15b; with full synonymy).

OCCURRENCE: Stoliczkaia (Lamnayella) ranges 
from the Upper Albian Pervinquieria (Subschloen-
bachia) perinflata Zone to the Lower Cenomanian 
Neostlingoceras carcitanense Subzone of the Man-
telli ceras mantelli Zone, with records from southern 
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England, France, Switzerland (?), Romania, Turk
menistan, Israel, KwaZuluNatal in South Africa, 
Tanzania (?), Japan, Texas and northern Mexico.

Family Acanthoceratidae de Grossouvre, 1894
Subfamily Mantelliceratinae Hyatt, 1903

Genus Mantelliceras Hyatt, 1903

TYPE SPECIES: Ammonites mantelli J. Sowerby, 
1814, p. 199, by the original designation of Hyatt 
(1903, p. 113) (ICZN Specific Name No. 1634).

Mantelliceras cf. lymense (Spath, 1926)

compare:
1926. Eucalycoceras lymense Spath, pp. 427, 431.
1984. Mantelliceras lymense (Spath, 1926); Wright and 

Kennedy, p. 102, pl. 10, fig. 9; pl. 22, figs 1–6; pl. 23, 
figs 1–3; pl. 31, figs 1, 2; pl. 36, fig. 4; textfigs 19; 
24a, b; 26d; 28f–j (with synonymy).

2020. Mantelliceras lymense (Spath, 1926); Kennedy, p. 
200, textfig. 18c, d (with additional synonymy).

TYPE: The lectotype, by the subsequent designation 
of Wright and Kennedy (1984, p. 102), is the origi-
nal of Pervinquière (1907, pl. 16, fig. 16), refigured 
by Wright and Kennedy (1984, textfig. 24a, b), and 
Kennedy (2020, textfig. 18c, d), from south of Bargou, 
Tunisia, an unregistered specimen in the collections 
of the École des Mines, Paris, currently housed in the 
collections of the Université de Lyon 1Villeurbanne.

MATERIAL: OUMNH KX.17321, from the 311 m 
level of the Aït Lamine Formation, Oued Abouda, 
Lower Cenomanian.

REMARKS: The specimen is a poorly preserved 90º 
sector, in part phragmocone, with a maximum pre-
served whorl height of 32 mm approximately. The 
whorl section is slightly depressed, with the great-
est breadth below midflank, the flanks feebly con-
vex, the ventrolateral shoulders broadly rounded, the 
broad venter very feebly convex. Coarse primary ribs 
arise at the umbilical seam, strengthen across the 
umbilical wall and shoulder and develop into umbil-
ical bullae. These give rise to strong straight recti-

Textfig. 13. A–E, Graysonites adkinsi Young, 1958. A, B – OUMNH KX.17317, from the 45.4 m level; C, D − OUMNH KX.17319, from the 
45.4 m level; E – OUMNH KX.17313, from the 47.2 m level, all from Aït Lamine Formation, Oued Abouda, Lower Cenomanian, Graysonites 
adkinsi Zone. F, G – Stoliczkaia (Stoliczkaia) clavigera (Neumayr, 1875). OUMNH KX.17297, from the Aït Lamine Formation, Oued Abouda, 

at the 33 m level, Upper Albian, Pervinquieria (Subschloenbachia) perinflata Zone. Scale bar 10 mm.
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radiate ribs that link to welldeveloped ventrolateral 
clavi, linked across the venter by a strong transverse 
rib. Intercalated ribs arise below midflank and 
strengthen to match the primaries on the ventrolat-
eral shoulders and venter.

The pattern of ribbing and tuberculation of this 
fragment are exactly those of Mantelliceras ly-
mense, and find a close match in specimens from 
southern England of the same size (see Wright and 
Kennedy1984, pl. 22, fig. 5; pl. 31, figs 1, 2 and dis-
cussion therein).

OCCURRENCE: Lower Cenomanian, southern 
England, Northern Ireland, France from the Bou lo
nnais south to BouchesduRhône, Morocco, north 

eastern Algeria, Central Tunisia, Madagascar, Tamil 
Nadu in south India, and possibly Germany and Iran.

Genus Graysonites Young, 1958

TYPE SPECIES: Graysonites lozoi Young, 1958, p. 
172, pl. 27, figs 1–11, textfig 1b−d, f, by original 
designation = Mantelliceras wacoense Böse, 1928, p. 
215, pl. 5, figs 9–25, pl. 6, figs 1–4.

Graysonites adkinsi Young, 1958
(Textfigs 13A–E, 14)

1958. Graysonites adkinsi Young, p. 176, pl. 29, figs 1, 7; 
textfigs 2a, e, f; 3a, e.

Textfig. 14. Graysonites adkinsi Young, 1958. OUMNH KX.17318, from the 47.2 m level, Aït Lamine Formation, Oued Abouda, Lower 
Cenomanian, Graysonites adkinsi Zone. Scale bar 10 mm.
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2005. Graysonites adkinsi Young, 1958; Kennedy in Kenne-
dy et al., p. 402, textfigs 21e–g; 23i–l; 33g; 39–41; 
42a–e (with full synonymy).

TYPE: The holotype, by original designation, is 
no. 272 in the collections of the Texas Memorial 
Museum, the original of Young (1958, p. 176, pl. 9, 
figs 1, 7), described as being from the top of the Main 
Street Limestone east of highway 81, at the top of the 
south bluff of the Lampas River, south of Belton, Bell 
County, Texas.

MATERIAL: OUMNH KX.17314, 17317 and 
17319 from the 45.4 m level; OUMNH KX.17313, 
17315, 17316 and 17318, from the 47.2 m level of 
the Aït Lamine Formation, Oued Abouda, Lower 
Cenomanian, Graysonites adkinsi Zone.

REMARKS: OUMNH KX.17317 (Textfig. 13A, B) 
is the smallest specimen seen, with a maximum pre-
served costal whorl height of 23.5 mm. At this stage, 
widely separated primary ribs arise at the umbilical 
seam and strengthen into small umbilicolateral bul-
lae. They are straight and prorsiradiate on the flanks, 
linking to small conical/bullate inner ventrolateral 
tubercles, linked to an outer ventrolateral clavus, the 
clavi linked across the venter by a low, broad rib. The 
primary ribs are separated by single intercalated ribs 
that arise below midflank and strengthen to match the 
primary ribs on outer flanks, ventrolateral shoulders 
and venter. OUMNH KX.17319 (Textfig. 13C, D) is 
a larger fragment with a maximum preserved costal 
whorl height of 41 mm approximately and a costal 
whorl breadth to height ratio of 0.6 approximately. 
There are three strong, coarse primary ribs on the 
fragment, with coarse umbilical bullae, conical inner 
and clavate outer ventrolateral tubercles, separated 
by single intercalated ribs with comparable outer 
flank and ventral development. The fragment differs 
in no significant respects from the adapical part of 
the outer whorl of the holotype (Young 1958, pl. 29, 
figs 1, 7; Kennedy et al. 2005, fig. 39). Fragments 
(OUMNH KX.17314, 17316) link these individuals 
to OUMNH KX.17318 (Textfig. 14), a 120º body 
chamber fragment with a maximum preserved whorl 
height of 72 mm. There are five very distant, coarse 
primary ribs on the fragment, with massive umbilico-
lateral bullae and ventrolateral horns into which the 
inner ventrolateral tubercles have been assimilated. 
This specimen corresponds to the adult fragment 
from Coahuila, Mexico, described as Acanthoceras 
cunningtoni Young, 1958 var. of Böse (1928, pl. 3, 
figs 1–3, refigured in Kennedy et al. 2005, textfig. 

21 e–g) and the specimens of Graysonites fountaini 
Young, 1958, a synonym of G. adkinsi, figured by 
Young (1958, pl. 29, figs 3, 5, 6).

OCCURRENCE: Lower Lower Cenomanian, Gray-
sonites adkinsi Zone and correlatives, Texas, north-
ern Mexico, the Betic Cordillera in Spain, Morocco, 
and Hokkaido, Japan.

Suborder Ancyloceratina Wiedmann, 1966
Superfamily Turrilitoidea Gill, 1871
Family Anisoceratidae Hyatt, 1900

Genus Anisoceras Pictet, 1854

TYPE SPECIES: Hamites saussureanus Pictet in 
Pictet and Roux, 1847, p. 118, pl. 13, figs. 1–4, by the 
original designation of Pictet (1854, p. 705).

Anisoceras perarmatum Pictet and Campiche, 1861
(Textfig. 15B, C, E, F)

1861. Anisoceras perarmatum Pictet and Campiche, p. 65 
(pars), pl. 49, figs 1–5, non fig. 6.

2015. Anisoceras perarmatum perarmatum Pictet and Cam-
piche, 1861; Klein, pp. 26, 37 (with full synonymy).

2015. Anisoceras perarmatum perarmatum dorsocostatum 
Chiriac, 1981; Klein, pp. 26, 36 (with full synonymy).

2015. Anisoceras perarmatum renzi Kotetishvili, 1977; 
Klein, pp. 26, 39 (with full synonymy).

2015. Anisoceras perarmatum simplex Renz, 1968; Klein, 
pp. 26, 39 (with full synonymy).

2017. Anisoceras perarmatum Pictet and Campiche, 1861; 
Tajika et al., p. 40, textfig. 10g.

2019. Anisoceras perarmatum Pictet and Campiche, 1861; 
Kennedy in Gale et al., p. 276, pl. 50, figs 2–4, 7; pl. 
51, figs 9–12.

TYPE: The lectotype, by the subsequent designation 
of Renz (1968, p. 74) is the original of Pictet and 
Campiche (1861, pl. 49, fig. 1), no. 21280 in the col-
lections of the Musée Géologique, Lausanne. It was 
refigured by Renz (1968, pl. 13, fig. 5; textfigs 27a, 
28g), and is from the upper Upper Albian south of La 
Vraconne, Vaud, Switzerland.

MATERIAL: OUMNH KX.17299 and 17300, from 
the Aït Lamine Formation, Oued Abouda, at the 
45.4 m level, Lower Cenomanian Graysonites ad-
kinsi Zone.

REMARKS: OUMNH KX.17299 (Textfig. 15B, C) 
is a laterally crushed fragment 64 mm long, with a 
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maximum preserved whorl height of 29 mm, made 
up of a single chamber filling and the adapical part 
of the body. Preservation is poor, but there are four 
pairs of coarse ribs on the flanks, linked by an inner 
lateral bulla and ventral clavus, the clavi linked across 
the venter by a pair of coarse ribs. Poor as this speci-
men is, the ornament is exactly that of the lectotype. 
OUMNH KX.17300 (Textfig. 15E, F) is crushed 
specimen comprising the adapertural part of the pen-
ultimate shaft, curved sector, and the adapical part of 
the final shaft. The dorsum bears delicate transverse 
ribs, some of which strengthen markedly into coarse, 
widely separated ribs that link to a coarse conical/bul-
late inner lateral tubercle, from which a pair of coarse 
transverse ribs or a single rib link to a coarse conical/
clavate outer ventrolateral tubercle. These tubercles 
are linked across the venter by a single rib or a pair 
of ribs. There are occasional nontuberculate ribs on 
the flanks and venter between the tuberculate groups. 
The ornament of this specimen finds a match in topo-
types of A. perarmatum (Renz 1968, pl. 14, figs 2, 3).

OCCURRENCE: Upper Upper Albian, and now con-
firmed as occurring in the Lower Cenomanian. The 
geographic distribution extends from Switzerland to 
southern England, France, Sardinia, Spain, Germany, 
Hungary, Romania, Ukraine, Georgia, North Africa, 
Nigeria, KwaZuluNatal in South Africa, Mozam
bique, Tamil Nadu in south India, and Texas.

Family Hamitidae Gill, 1871
Genus Hamites Parkinson, 1811

TYPE SPECIES: Hamites attenuatus J. Sowerby, 
1814, p. 137, pl. 61, figs 4, 5, by the subsequent desig-
nation of Diener (1925, p. 65).

Hamites sp.
(Textfig. 15A)

MATERIAL: OUMNH KX.17298, from the 38 m 
level of the Aït Lamine Formation, Oued Abouda, 
Upper Albian.

REMARKS: An 18 mm long internal mould of the 
flank of a Hamites has a maximum preserved whorl 
height of just over 6 mm. Ornament consists of fine, 
crowded prorsiradiate ribs, the rib index six. It is spe-
cifically indeterminate.

OCCURRENCE: As for material.

Family Turrilitidae Gill, 1871
Genus and Subgenus Ostlingoceras Hyatt, 1900

TYPE SPECIES: Turrilites puzosianus d’Orbigny, 
1842, p. 587, pl. 143, figs 1, 2, by the original designa-
tion of Hyatt (1903, p. 587).

Ostlingoceras (Ostlingoceras) puzosianum 
(d’Orbigny, 1842)

(Textfig. 16E)

1842. Turrilites puzosianus d’Orbigny, p. 587, pl. 143, figs 
1, 2.

Textfig. 15. A – Hamites sp. OUMNH KX.17298, from the 38 m level. B, C, E, F – Anisoceras perarmatum Pictet and Campiche, 1861. B, C 
– OUMNH KX.17299; E, F – OUMNH KX.17300, both from the 45.4 m level, Lower Cenomanian Graysonites adkinsi Zone. D – Anisoceras 
sp. OUMNH KX.17286 from the 15 m level, Upper Albian, Pervinquieria (Subschloenbachia) rostrata Zone. All specimens are from the Aït 

Lamine Formation, Oued Abouda. Scale bar 10 mm.
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2015. Ostlingoceras (Ostlingoceras) puzosianum (d’Orbig-
ny, 1842); Klein, pp. 192, 194 (with full synonymy).

2020. Ostlingoceras (Ostlingoceras) puzosianum (d’Orbi
gny, 1842); Kennedy, p. 232, pl. 35, figs 13, 14, 16, 17.

TYPES: These have not been traced (Kennedy and 
Latil 2007, p. 473); they were from Reposoir (Haute
Alpes), France.

MATERIAL: OUMNH KX.17292, from the Aït 
Lamine Formation, Oued Abouda, at the 20 m level, 
Upper Albian, Pervinquieria (Subschloenbachia) 
perinflata Zone.

REMARKS: A single whorl is part phragmocone, part 
body chamber, 17.5 mm high at the adapical end of 
the fragment. The upper whorl face is feebly concave, 
the junction between upper and outer whorl faces nar-
rowly rounded and crenulated to accommodate the 
lowest row of tubercles of the preceding whorl, the 
outer whorl face flattened, the junction of outer and 
lower faces broadly rounded, the lower whorl face fee-
bly convex. Delicate prorsiradiate ribs extend from the 
top of the outer whorl face to a little below the middle 
of the whorl face, where they link to small rounded 
tubercles. A narrow sunken zone separates this row 
from a second, slightly smaller transversely elongated 
row separated by a narrow sunken zone from a third 
row, again adaperturally displaced, at the junction of 
outer and lower whorl face. They give rise to delicate 
ribs that extend across the lower whorl face.

Although poorly preserved, the fragment differs 

in no significant respect from betterpreserved spec-
imens, such as those described by Atabekian (1985, 
1987) and Kennedy (2020). See Kennedy and Latil 
(2007, p. 473) for further discussion.

OCCURRENCE: Upper Upper Albian, southern Eng
land, France, Spain, Sardinia, Switzerland, Hun gary, 
Poland, Romania, North Caucasus, Ukra ine (Cri mea), 
Georgia, Iran, Turkmenistan, Morocco, north eastern 
Algeria, Central Tunisia and Mada gascar.

Genus and subgenus Mariella (Mariella)  
Nowak, 1916

TYPE SPECIES: Turrilites bergeri Brongniart, 1822, 
p. 395, pl. 7, fig. 3, by the original designation of 
Nowak (1916, p. 10).

Mariella (Mariella) bergeri (Brongniart, 1822)
(Textfig. 16D)

1822. Turrilites bergeri Brongniart, p. 395, pl. 7, fig. 3.
2015. Mariella (Mariella) bergeri bergeri (Brongniart, 

1822); Klein, pp. 131, 133 (with synonymy).
2020. Mariella (Mariella) bergeri (Brongniart, 1822); Ken-

nedy, p. 237, pl. 36, figs 19, 21, 23.

TYPE: The holotype, by monotypy, is the original of 
Brongniart (1822, pl. 7, fig. 3), from the Montagne de 
Fiz, Savoie, France; it has not been traced.

MATERIAL: OUMNH KX.17291, from the 20 m 

Textfig. 16. A–C – Mariella (Mariella) oehlerti sulcata Klinger and Kennedy, 1978. A – OUMNH KX.17311; B – OUMNH KX.17309; C – 
OUMNH KX.17312, all from the 45.4−47 m level, Lower Cenomanian, Graysonites adkinsi Zone. D – Mariella (Mariella) bergeri (Brongiart, 
1822), OUMNH KX.17291, from the 20 m level, Upper Albian, Pervinquieria (Subschloenbachia) perinflata Zone. E – Ostlingoceras 
(Ostlingoceras) puzosianum (d’Orbigny, 1842), OUMNH KX.17292, from the 20 m level, Upper Albian, Pervinquieria (Subschloenbachia) 

perinflata Zone. All specimens are from the Aït Lamine Formation, Oued Abouda. Scale bar 10 mm.
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level; OUMNH KX.17296, from the 29 m level of the 
Aït Lamine Formation, Oued Abouda, Upper Albian, 
Pervinquieria (Subschloenbachia) perinflata Zone.

REMARKS: OUMNH KX.17296 is a tiny whorl frag-
ment with a maximum preserved whorl height of 5 
mm approximately. Crowded prorsiradiate ribs arise at 
the junction of upper and outer whorl faces and link to 
welldeveloped elongated prorsiradiate tubercles sited 
above midflank, then weaken, producing a spiral de-
pression before strengthening into an adapertualy dis-
placed row of subequal tubercles, separated by a spiral 
depression from a third row of subequal tubercles, 
again adapically displaced. A fourth row of tubercles 
is partially preserved. OUMNH KX.17291 (Textfig. 
16D) comprises just over a whorl with a maximum 
preserved whorl height of 20 mm approximately, with 
four rows of tubercles, as in the previous specimen. It 
compares well with specimens assigned to a variable 
Mariella (Mariella) bergeri by Atabekian (1985, 1987, 
pl. 2, figs 4, 5; pl. 3, figs 1–11; pl. 4, figs 1–7).

OCCURRENCE: Upper Upper Albian, southern 
Eng land, France, Switzerland, Germany, Spain, Sar
di nia, Hungary, Iran, Morocco, northeastern Alge
ria, Central Tunisia, KwaZuluNatal in South Africa, 
Tamil Nadu in south India, Venezuela and Cali fornia.

Mariella (Mariella) oehlerti sulcata Klinger and 
Kennedy, 1978

(Textfigs 16A–C, 17)

1978. Mariella (Mariella) oehlerti sulcata Klinger and Ken-
nedy, p. 33, pl. 3, fig. D; pl. 8, fig. D; textfig. 3D, E, H.

2015. Cenomariella oehlerti sulcata (Klinger and Kennedy, 
1978); Klein, pp. 153, 155.

TYPE: The holotype is no. A259 in the collections of 
the Geological Survey of South Africa, Pretoria, the 
original of Klinger and Kennedy (1978, pl. 3, fig. D) 
from the lower Lower Cenomanian of the Skoenberg, 
locality 61 of Kennedy and Klinger (1975, p. 289, 
textfig. 6) in northern KwaZuluNatal, South Africa.

MATERIAL: OUMNH KX.17307–12, from the Aït 
Lamine Formation, Oued Abouda, at the 45.4 to 47.4 m 
level, Lower Cenomanian, Graysonites adkinsi Zone.

REMARKS: Whorl heights range from 13 to 35 mm. 
The upper whorl face is feebly concave, with grooves 
to accommodate the radial ribs on the base of the pre-
ceding whorl. The junction between upper and lower 
whorl faces is crenulated to accommodate the fourth 
and lowest row of tubercles of the preceding whorl. 
The outer whorl face is convex between the rows of 
tubercles, the junction between outer and lower whorl 
faces broadly rounded, the lower whorl face feebly 
convex. OUMNH KX.17311 (Textfig. 16A), one of 
the smaller specimens, has a maximum preserved 
whorl height of 17 mm. Over 30 ribs per whorl arise 
at the top of the outer whorl face. They are feebly 
prorsiradiate, strengthen progressively, and link to 
welldeveloped tubercles above the midpoint of the 
whorl face. They then efface, producing a shallow 
smooth sulcus before strengthening into a second 
row of transversely elongated tubercles. A second 
smooth sulcus separates the second and third row 
of tubercles, the latter displaced adaperturally, and 

Textfig. 17. Mariella (Mariella) oehlerti sulcata Klinger and Kennedy, 1978. OUMNH KX.17310, from the 45.4−47.4 m level, Aït Lamine 
Formation, Oued Abouda, Lower Cenomanian, Graysonites adkinsi Zone. Scale bar 10 mm.
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elongated spirally. A third smooth sulcus separates 
the third and fourth rows of tubercles, the latter con-
ical, sited at the junction of outer and lower whorl 
faces, and giving rise to straight radial ribs that ex-
tend across the lower whorl face. OUMNH KX.17307 
is just over a whorl of body chamber, with a maxi-
mum preserved whorl height of 35 mm, and 25 ribs/
tubercles per whorl, the three smooth sulci between 
successive rows of tubercles becoming progressively 
narrower. OUMNH KX.17310 (Textfig. 17), with a 
maximum preserved whorl height of 43 mm, is inter-
preted as coming from close to the adult aperture, the 
ribs irregular, weakening and effacing.

Mariella (Mariella) oehlerti sulcata differs from 
the nominate subspecies in developing a distinct spiral 
groove between the second and third rows of tubercles.

OCCURRENCE: Lower Lower Cenomanian of 
KwaZuluNatal in South Africa and Morocco.

INTEGRATED STRATIGRAPHY  
AND CORRELATION

The results presented here allow us to revise the 
conclusions of Essafraoui et al. (2015) that the Aït 
Lamine Formation in the Abouda section is entirely 
Cenomanian in age. Rather, we demonstrate that the 
lowest 42.2 m of the formation in the Oued Abouda 
section are of late Albian age, and include the up-
permost Albian ammonite zones of Pervinquieria 
(Subschloenbachia) rostrata, P. (S.) perinflata and, by 
inference, the lower, Albian part of the Pleurohoplites 
briacensis Zone that spans the Albian−Cenomanian 
boundary, beneath the Lower Cenomanian zone of 
Graysonites adkinsi. The exact age of the underlying 
Kerchoula Formation remains unknown. The pres-
ence of the ammonite Mantelliceras cf. lymense, 311 
m above the base of the Aït Lamine Formation, indi-
cates that the Lower Cenomanian is very expanded at 
Abouda (Gale 2020).

The GSSP for the base of the Cenomanian Stage 
was taken in the expanded hemipelagic succession at 
Mont Risou, HautesAlpes, southeastern France (Gale 
et al. 1996; Kennedy et al. 2004; Petrizzo et al. 2015), 
and is marked by the lowest occurrence of the plank-
tonic foraminiferan Thalmanninella globotruncanoi-
des. Rare ammonites of the Pleurohoplites briacensis 
Zone occur in the lowermost 4 m of the Cenomanian 
above the boundary, and the GSSP lies 6 m below the 
first occurrence of ammonites of the Neostlingoceras 
carcitanense Subzone of the Mantelliceras mantelli 
Zone, which at Risou include M. mantelli (Sowerby, 

1814), Neostlingoceras oberlini (Dubourdieu, 1953), 
Algerites ellipticus (Mantell, 1822), Sciponoceras roto 
(Cieśliński, 1959) and Hyphoplites curvatus (Mantell, 
1822) (Gale et al. 1996; Kennedy et al. 2004). The 
base of the Cenomanian lies 96 m above the high-
est occurrence of ammonites of the Pervinquieria 
(Subschloenbachia) perinflata Zone at Risou.

The new records from the Abouda succession pro-
vide definitive evidence of the age of the Gray sonites 
adkinsi Zone, because here the zonal index appears 3 
m above the lowest occurrence of Thalmanninella glo-
botruncanoides. This suggests the Graysonites adkinsi 
Zone may be equivalent to the upper, Cenomanian part 
of the Pleurohoplites briacensis Zone in the Global 
Stratotype Section. This suggestion finds support in 
the Texas succession (Table 2), where the Graysonites 
adkinsi Zone is succeeded by a Graysonites wacoense 
Zone (see discussion in Kennedy et al. 2005, p. 353 et 
seq. and Kennedy and Gale 2017, p. 529 et seq.): the in-
dex species is known from the lowest, Neostlingoceras 
carcitanense Subzone of the Mantelliceras mantelli 
Zone in Dorset, England (Kennedy 2015, p. 404, text
fig. 157g, h). The ammonite succession of the north 
central Texas region, where P. (S.) rostrata and P. (S.) 
perinflata occur within the Main Street Limestone, 
and are succeeded by a Mariella (Wintonia) brazoensis 
partial range Zone (P. (S.) perinflata overlaps with the 
index species), with G. adkinsi appearing at the base 
of the overlying Grayson Formation (Kennedy et al. 
2005; Gale et al. 2021) is thus closely comparable to 
that seen in the Agadir Basin. The Texas Mariella 
(Wintonia) brazoensis Zone corresponds to part or all 
of the interval between 33 and 42.5 m in the Oued 
Abouda section that lacks ammonites, and the lower, 
Albian part of the Pleurohoplites briacensis Zone in 
the Global Stratotype Section.

The correlation with the north Texas region and 
Agadir is independently supported by the microcri-
noid succession in the uppermost Albian and lower-
most Cenomanian (Gale 2020; Gale et al. 2021). The 
comparative ranges of species in the Albian AlR11 and 
AlR12 zones are identical around Fort Worth, Texas, 
and Agadir, and the first occurrence of the CeR1 fauna 
is precisely coincident with that of Graysonites adkinsi 
in both regions, which were then 5,300 km apart.

The base of the Cenomanian is marked in many re-
gions of the world by a hiatus, commonly represented 
by a hardground or minor erosional surface (Gale 
et al. 2019); Albian ammonites are present beneath 
the surface, and Cenomanian taxa above. This can 
be demonstrated, for example, in Tamil Nadu, south 
India (Gale et al. 2019), central Tunisia (Robaszynski 
et al. 1994), the AngloParis Basin of England and 
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France (Robaszynski et al. 1998), Mangyschlak, 
Kazakhstan (Gale et al. 1999), and Texas, USA (Gale 
and Kennedy 2020; Gale et al. 2021). The new data 
from Agadir shows that the hiatus there is actually in 
the lowermost Cenomanian, 1.4 m above the lowest 
occurrence of Thalmanninella globotruncanoides. It 
is represented in the Oued Abouda section by bored 
and encrusted hiatus concretions (Gale 2020, text
fig. 5; herein Textfig. 4B), immediately above which 
ammonites of the Graysonites adkinsi Zone appear.
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